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INTRODUCTION

Nontuberculous mycobacteria (NTM) encompass all Mycobacterium species other than
Mycobacterium tuberculosis complex and Mycobacterium leprae. There are currently more than 140 species of these environmental, mostly opportunistic pathogens [1] . Recently, these organisms have gained increased attention, due to increases in the isolation frequency of NTM [1] [2] [3] [4] [5] . This increase is thought to be most pronounced in countries where the incidence of tuberculosis (TB) is declining [1, 6] . The exact epidemiology of pulmonary NTM disease has been difficult to determine because reporting is not mandatory in most countries and identification of true disease is often difficult [1, 7] .
Laboratory based surveillance may be the most cost-effective method for estimating NTM disease burden over time [8, 9] . A systematic review of NTM epidemiology as well as estimation of disease burden in countries with intermediate TB burden such as Croatia [10] is lacking. In the current study, we have aimed to calculate the population-based NTM isolation frequency, examine geographical differences in species distribution and estimate burden of pulmonary NTM disease in Croatia. Jankovic , M., Samarzija, M., Sabol, I., Jakopovic, M., Katalinic Jankovic, V., Zmak, L., Ticac, B., Marusic, A., Obrovac, M., van Ingen, J., 2013. Geographical distribution and clinical relevance of non-tuberculous mycobacteria in Croatia. The International Journal of Tuberculosis and Lung Disease 17, 836-841. doi:10.5588/ijtld.12.0843 -Accepted Version 4
METHODS
Study design.
We conducted a retrospective cohort study using laboratory data on all Croatian residents with NTM isolated from respiratory samples by culture in the period from 2006 through 2010. Gastric lavages were excluded from further analysis. Only one isolate per individual was taken into account when calculating NTM isolation rate frequency. For disease incidence, we took into account only the first time that defined disease criteria were met. For individuals meeting those criteria, we looked into the data from the year 2005 in order to exclude those with previously isolated NTM from disease incidence calculation. If multiple NTM species were cultivated from samples of one individual, each species was counted as a separate isolate.
Data collection.
In Croatia, all NTM isolates are sent to the National Reference Laboratory (NRL) for identification. From the archive of the NRL, we obtained information on every Croatian resident with NTM isolated in the study period. For each isolate, we recorded patient age, address, zip code, specimen collection date and source, and NTM species isolated. By using the zip code, patients were grouped into two larger areas according to the proximity of the sea: coastal and continental region of Croatia. The Croatian population data which included population by region, age and sex, was obtained from The Statistical Office of the European Communities (Eurostat) [11] and was used for crude and age standardized (European standard population) rate estimations. Jankovic, M., Samarzija, M., Sabol, I., Jakopovic, M., Katalinic Jankovic, V., Zmak, L., Ticac, B., Marusic, A., Obrovac, M., van Ingen, J., 2013. Geographical distribution and clinical relevance of non-tuberculous mycobacteria in Croatia. 
RESULTS
During the study period, the total number of samples of pulmonary origin sent to the NRL for analysis were associated with the coastal region ( Figure 2 ).
Of 1187 patients with NTM isolates, 59% were men and 41% were women with median ages of 64 and 66. M. avium was more often found in women (p=0.031), while M. xenopi appeared less common in women than in men (p=0.002) ( Table 1) . Among patients aged >50 years, NTM isolation rates were significantly higher in men than in women (p<0.001; Figure 3 ). After age stratification, the increasing trend of NTM isolation incidence was observed in the population over 50 years of age living in the continental region of Croatia (data not shown). The annual isolation frequency of the most common NTM species (30 or more individual isolates in 5-year period), are shown in Figure 4 .
Pulmonary disease
The most frequently isolated NTM species that met the defined microbiologic criteria for probable or possible disease are shown in Table 1 . Of 1187 patients with NTM pulmonary isolates, 102 (8.6%) and 65 (5.5%) met the possible and probable disease criteria, respectively. Demographic characteristics of these two groups are shown in Table 2 The overall estimated age-standardised annual incidence of NTM pulmonary disease amounts to 0.60/100,000. Taking into account only the probable disease group, the estimated annual incidence would be 0.23/100,000. The incidence of true pulmonary NTM disease differs between the coastal and continental region of Croatia. The percentage of patients meeting either possible or probable disease criteria was 25.3% in the coastal region and 11.4% in the continental region. The percentage of people meeting the probable disease criteria was 14.2% in the coastal region, compared to only 3.4% in the continental region. The incidence and prevalence of probable pulmonary NTM disease were 0.35/100.000 and 1.11/100,000 in the coastal region, but only 0.17/100,000 and 0.23/100,000 in the continental region.
After age stratification, 56 (86.2%) of all probable disease cases and 81 (79.4%) of all possible disease cases belonged to the 50+ age group ( Table 2 ). The annual incidence of combined possible and probable disease in the 50+ age group was estimated at 1.69/100,000 with an increasing trend observed over the study period.
DISCUSSION
This is the first study showing the isolation frequency of NTM species from pulmonary samples in Croatia and estimating the nationwide pulmonary NTM disease incidence through the use of comprehensive laboratory data. This is also one of the rare studies on NTM incidence in a country with intermediate TB burden. Croatia's TB incidence rates were 26/100,000 and 17/100,000 in 2006 and 2010 [10] .
Pulmonary isolates
The NTM species distribution differed between the coastal and continental region. An increase in Several recent studies from North America and Western Europe all showed a significant increase of total NTM isolation rates [2] [3] [4] [5] . In the study from the Netherlands, the increase was mainly caused by a rise in M. avium and M. gordonae isolates from pulmonary samples and it was most pronounced in patients >40 years old [3] . A study from the UK showed that the increase in NTM reports was mainly in pulmonary specimens and people aged >60 years, with M. gordonae showing the biggest increase but MAC remaining the most commonly reported species [14] . In Denmark, the rising trend in NTM isolation was less obvious but the incidence of NTM disease had increased, especially in elderly [4] .
The NTM species that are cultured from clinical samples differ strongly by region [6] . We found interesting regional differences. Even though the majority of all NTM isolates came from continental Croatia, most of those were species generally considered of low virulence [1, 13] . In contrast, clinically relevant NTM isolates were significantly more often found in the coastal region of Croatia.
The species distribution in pulmonary samples is recorded in Figure 4 . Some of the factors that might promote these observed regional differences in Croatia include the climate, rate of urbanization and TB incidence [15] . The urbanized coastal region has wetter and warmer climate and relies on larger municipal water supplies, compared to the more rural, continental part of Croatia where more Jankovic, M., Samarzija, M., Sabol, I., Jakopovic, M., Katalinic Jankovic, V., Zmak, L., Ticac, B., Marusic, A., Obrovac, M., van Ingen, J., 2013. Geographical distribution and clinical relevance of non-tuberculous mycobacteria in Croatia. The International Journal of Tuberculosis and Lung Disease 17, 836-841. doi:10.5588/ijtld.12.0843 -Accepted Version 8 households use well water. Furthermore, the incidence of TB was lower in coastal region (21.2/100,000) than in the continental region of Croatia (30.1/100,000) in 2006 [10] .
Pulmonary disease
We relied solely on microbiologic criteria to assign patients with isolated NTM to three groupsprobable, possible, and unlikely disease. We used this approach since it was previously shown that microbiologic criteria are highly predictive of disease and are useful for laboratory-based NTM disease surveillance [8, 9] .
The data observed in this study are consistent with the earlier described epidemiology of M. xenopi infection in Croatia [16] . However, despite the high frequency of M. xenopi isolation, M. avium, M.
intracellulare, and M. kansasii were more strongly associated with pulmonary NTM disease compared to M. xenopi. This differs from observations in the Netherlands, where M. xenopi and M.
kansasii were more strongly associated with disease than M. avium and M. intracellulare [13] , applying the full ATS diagnostic criteria [1] . The background of such apparent regional differences remains unknown.
Taking into account all individuals meeting the microbiologic criteria, we estimated annual incidence of NTM pulmonary disease at 0.60/100,000. However, the number of cases of M. gordonae disease is likely overestimated, since it is known to rarely cause true disease [1, 13] . Discarding all of the M. gordonae cases, the annual incidence would be 0.38/100,000. Furthermore, taking into account the probable disease group only, the annual incidence decreases to 0.23/100,000 with most of the cases due to M. xenopi, M. avium, M. intracellulare, M. kansasii and M. abscessus.
The incidence of NTM pulmonary disease in Croatia is low compared to its TB incidence and to NTM data from North-Western Europe. In the Netherlands, the incidence of NTM disease has been estimated at 1.7/100,000 in 2008 [17] while in Denmark the incidence of true disease reached 1.08/100,000 [4] . A study from New Zealand, using methodology similar to ours, estimated pulmonary NTM disease incidence to be 1.2/100,000 and found a majority (79%) of cases to be women [18] . We found no significant gender differences in NTM pulmonary disease cases ( Table 2 ).
The incidence of TB in Croatia is higher than in North-Western Europe and New Zealand, and Bacillus Calmette-Guerin (BCG) vaccination is still mandatory. This may explain the lower NTM isolation and Jankovic, M., Samarzija, M., Sabol, I., Jakopovic, M., Katalinic Jankovic, V., Zmak, L., Ticac, B., Marusic 
disease rates since it has been speculated that infection with TB and BCG vaccination may provide cross-immunity to NTM infection [19] .
We observed that a higher percentage of patients living in coastal Croatia met the defined disease criteria, compared to those living in continental Croatia. Moreover, the estimated annual incidence in coastal region is twice as high as in the continental region. This might be a reflection the species distribution in these two regions but further research is needed to fully understand the observed differences. A recent study in the USA showed that regional environmental factors related to soil and differences in daily evapotranspiration levels are associated with pulmonary NTM disease, but that both host susceptibility and environmental factors should be considered in explaining disease development [20] .
The limitation of this study is the lack of clinical and radiological data. The used methodology could cause disease overestimation (e.g. for M. gordonae). On the other hand, disease incidence could also be underestimated in case of having only one sputum sample sent to the laboratory for identification with no follow-up testing. We applied the possible and probable disease criteria to increase the strength of solely using the microbiologic criteria. Also, it is possible that incidence of NTM disease is slightly overestimated given that some of the patients classified as "incident cases" in 2006, might have had NTM isolated prior to the study period. We tried to minimise this error by looking into the available data from the year 2005, and excluding the recurrent cases from the disease incidence calculation.
In summary, we have shown that the NTM species distribution as well as the incidence of pulmonary NTM disease significantly differs between the coastal and continental region of Croatia. NTM pulmonary disease is strongly associated with age and more often affects males, but the burden of disease remains low compared to TB. Annual incidence amounts to 0.60/100,000, or 0.23/100,000 if restricted to probable disease only. The isolation frequency slightly rose throughout the study period. 
